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Conditioned bradycardia in
the sea lion Zalophus californianus

Hesrr mie is usually reduced when aguatic mammals dive,
The degeee of this redoction, krown as bradyeardia, is
remraarkable'™, ang immersion in wiater has heen regirefecl
as important inodts initiation™'. The heart of the phocid
seal beats slower in Forced or restrained dives Lthan |.|l.|ri|:|g,
trained or volumtary dives™®, and bradveardin cccurs during
reapdeatory pawses n air as owell as inowater™™ Cenlzal
nervous system (CNS) contred of brodyvcardin has been
suppested """ We have investigated whether bradycardia
can be conditioned in the Californin =ea lion Zalophis
californiamier since cardiovascular sesponscs can s con-
ditionad in man and many ether animals'™,

Radiotelemetry devices were swrgically implantied oo
pwes sea lions prcler the  external thin muosele lavier just
posterior to the right axilla. One sensing electrode was on
the transmitier package with a secomd on a lead extending
across the thornx about 20 cm toward the ventral midline.
The telemetry devices confaimed @ magnetic switch by
which the transmitier could be turned off between experi-
ments. The transmitters weee still i place and Fenclional
1% maonths afler the operations. Frequent physical and
haesmatclogical examinations revealed no damage o the
animals.

Afier a 2 week recovery pericd after the operation, one
sea lion was  conditioned 1o hald its breath in air (that s,
the amimal’s body was out of the water and drvh. The
grainer would place his band ncar the floor and give the
command “down”, The =sea lion would respond by placing
itg anowt against the teaines™s band and holding s hreath
until a1 'briljging sigmal G |'_||,1Ii-:_:|,: whiztle) was sounded. Inm
this way 90 sessions of breath holding of 35 mun durmtion
were regorded From 200 training sessicns during about 2
months. In initéal trials bradyeardia was slow 1o develop,
amd abhoul 905 were r-EL]l.li'n:-;J. o reach 51 basal rde of
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Fig. 1  Each point repsesents the time requined lor e sea lion's
heart rate b rezch 25 beats min ™t {as gauged by the twa intervals
between three specsssive RS compleses), OF the %0 3.5
mimuite sessions of boeath hkodding, 71 were platiecd. Ninsteen
apnozic pericds were disgarded Because the heart rate reossined
ahowe 25 beatd min™', ECG dta was inoomplete becapse of
ragdie iMerference, gross movement of the animal, or oler
cguipment related wolinesal problems. The rl.'grl.'b-:-:iun lire wits
Fithed 11:I-.1['_I|!5.E p-n[mx: l,'.i.rl:h! 'A.'il:l? dod, first period of apnoca in
cach tramng session ) e s watl Jor, shorfes) lalenes, il is
the period of apnoea during each trining session when the
sharleal Lareney Derween nssl af apurca and achicvement af
Lhe 25 beat min™ rate was achieved; circle with triznghe, first
and shoriest same, that i, the frst period of apnoca in &
Iraiming sissen also showed the shorlest tency,

2540 bkepts min™' from a mean before breath holding of
120 beats min™'. As Figo 1 shows, the time reguized 1o
reach o hasal rte of 25 beals min™ became shorter with
sucoessive frials

The olher sea lion, which had no previous teaining, was
conditioned to reduce ils heart rite in responss [oooan
acoacstic  eommand signal. Ordinacily a sea lon's hear
heat cycles with respirntion™ ™, increasing to 100140 heats
mmin ™! during Breaths and decreasing to alout G0-50 bheats
min™' hetween hreaths, Thes: normal episndes of brady-
cardin were reinforced during initial training. When a
criterion oF three spocessive heats sl the slowed mate wias
reached, n bridging signal was scunded and a reward of Ash
wils given. Al first the sea o was requuired L redoce the
rate o 50 or 90 heats min®', This requirement was grado-
ally eecduwced a lew beats at a time until a beaet rate of
10 beats min™ wos achieved within 20s after the brady-
cardia command was sounded.

The sequence of events was as follows: The sea lion
citered a cage. The transmitier was turned on by passine a
small maenet by the amimal’s noght axilla, The telometry
signal was received on an fom. radio, decoded and reciorded.
The auwden cutpal of the rasdia { @ ‘tzep’ For each heartheat)
coitld B2 heard by the trainer and the animal. The clectro-
cardiceram (EOGY amd eommend signals were reconded
continuously on a Grass polyvgraph (Model 781 The trainer
pushed a bofton oo present the bradveardia command sig-
nil. When the heart rate reached the previowsly determined
rate within the prescribed time, the trainer sounded the
bridgmg stimulus, then gave the animal a fish through an
l.‘:-|:~:‘.':|'|i|'l|_‘.'; in its CALE. 'I.'*.E-:‘:l.'rr“\-:l'i:'lg_.‘a roem e such session are
shown in Fig. Ze

To compare conditioned bradveardia with  immersion
bradveandia, we decided to repeat Elsner's” experiments. The
sume s lion was then fmined. using another acoustic
command zignal, to immerse 5 head in a pall of water.
The resnlts were very similar to those of Elsner®, Tmmer-
sicm was followed by bradveardia C25—40 beats min™ within
3 Few secondds [F"ig A5, Tmmersion bradyeardia, howewer,
was not s pronounced ag that achieved in the previous
heart sate comditioning frixls (Fig, 2.

Bradycardia that resulted from simple apneea was much
slomwner r_|f2|‘.'1|.rri11-g than that TEE.],II“TJE fFrom immersion or
conditioning. In the case of the frst sca lion, which was
cequired 1o held ats hreath For a relabively long period ©3-3
mmind, kradvcardia developed more rapidly with seeceeding
trials. This suggests at least two possibilities, The animal
miy hawve learned that more prompt bradveardia made
breath helding casier, but learaing could not be demon-
strated by amalysis of data From this experiment. The seeond
possibility is that the sca lion's bradveardia became more
prompl az a result of physiolegical adjustment with repets.
tion (that is, analegous o physical trainimg of an athlets),

The second sea lon definitely Tearned some reiponse that
caused @ rapid and profound ceduction in heart rate. Cer-
tainly, breath hofding was invelved, but dhe extent of
hradycardin achieved during our conditioning experiments
was considerably grester than that during similar periods of
apnoeq or water immersion. Oor findings susgest that the
gea lton is capahle of some contral of its leart rate, Such
contrel can be conditioned directly or mav come about
threugh some incidental body adjustment of which we are
unaware sl present (soch o as, Val Salva’s manocuvre or
contraction of respiratory muoscles),

The California wza lion has proved o he a tractahle
laboratory animal that is readily troined o cooperate in
axperimants. The degres Lo wliteh 1t can alter such auto-
nomic processes as bradyoardia and peripheral sascoeon-
strcton™ " may make oan excellent animal For certain
studies invelving the CHNS control of these responses,
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three different sownd stimuali wsed Lo signal

comimand 1he animal were indicated on the recordings,

@, The nnimal was in a cage in air and dey.

The bridge was wsed to signal carrect pers

f_l.'lI'ITI:I.I'I.C\l:' and to indicade 1@ the :Ln.il'n:ll ihni a

fish reward would soon e piven. The

braddyeardin command was meant 19 signal

the: animal 10 reduce i1s heard rate, b, The

inumersion comemand signalled the animal o

BEOG i:l1'!I1'|I:niE :ilgf. h_l::ld in o pail of water, The

. bridge again signalled correct resporse aller

EI‘IﬂEG which the sea lion conld [ife 015 head froam the

: waber ard receive a fish,

Immearsion
comimngd
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